A 64-year-old man with primary lung cancer (cT1aN0M0) was diagnosed as having partial anomalous pulmonary venous connection (PAPVC) in the same lobe by preoperative chest computed tomography (CT). The anomalous vein originated from left upper lobe pulmonary vein and flowed into the left brachiocephalic vein. Although the patient was asymptomatic, cardiac catheterization revealed that pulmonary-systemic blood flow ratio (Qp/Qs ratio) was 2.0, and his pulmonary arterial pressure was marginally elevated (60/18 mmHg). We performed left upper lobectomy as the definitive treatment for both lung cancer and PAPVC. His pulmonary arterial pressure decreased after lobectomy (33/16 mmHg). He is living well without relapse of lung cancer 56 months after surgery. Although PAPVC is detectable on computed tomography, out of 7 previous reports of PAPVC associated with lung cancer, only 2 cases were diagnosed preoperatively. The presence of PAPVC should be kept in mind before major lung resections.
Introduction
Partial anomalous pulmonary venous connection (PAPVC) is a relatively uncommon congenital anomaly, with a reported incidence of 0.4%-0.7% in autopsy series of patients without known congenital heart disease. 1, 2) In this anomaly, blood from the anomalously drained portion of the lung is recirculated to the right side of the heart, creating a left to right shunt. To our knowledge, there are 7 reported cases of PAPVC associated with lung cancer. In these reports, preoperative diagnosis of PAPVC was obtained in only 2 cases. Here we report a case of left PAPVC which was diagnosed during the preoperative examinations for primary lung cancer.
Case Report
A 64-year-old man was referred to the department of cardiology with hypertension. Further examinations revealed that he had atrial fibrillation and mitral regurgitation, but he was followed-up. During follow-up, he was found to have a nodular ground-glass opacity with a maximal diameter of 2 cm in the left upper lobe on screening chest computed tomography (CT) (Fig. 1A) .
The shadow was diagnosed as lung adenocarcinoma by CT-guided percutaneous needle biopsy. Clinical stage was IA (T1aN0M0), and he was admitted to our department for treatment. Preoperative chest CT showed an anomalous blood vessel beside aortic arch ( Fig. 1B) . PAPVC was suspected and cardiac catheterization was done. Angiography showed that PAPVC originated from left upper lobe pulmonary vein and flowed into the left brachiocephalic vein (Fig. 2) . The left upper pulmonary vein was located cranially from the hilum.
Step-up of oxygen saturation in the left brachiocephalic vein (68% in the right brachiocephalic vein, and 90% in the brachiocephalic vein) was observed with moderate pulmonary hypertention (60/18 mmHg measured by catheter, and 57/18 mmHg calculated on echocardiography). Venous blood from the left upper lobe flowed completely into the anomalous vein. Pulmonary-systemic blood flow ratio (Qp/Qs ratio) obtained by the Fick method during cardiac catheterization was 2.0. Echocardiography showed moderate mitral regurgitation, left ventricular dilation, and hypokinesis. Ejection Fraction (EF) was 53%. Although PAPVC has been reported to be commonly associated with atrial level shunt, he had no other congenital heart anomalies, and his atrial fibrillation and mitral regurgitation were not considered to be associated with PAPVC. Preoperative blood gas analysis revealed partial arterial pressure of oxygen (PaO2) 78 mmHg, and carbon dioxide (PaCO2) 49 mmHg in room air. Spirometry revealed normal respiratory functions. We assessed that left upper lobectomy was feasible because it was a definitive operation not only for primay lung cancer but also for PAPVC.
Operation was performed through a left anteriolateralthoracotomy approach under one-lung ventilation. The anomalous vein originated from the root of left upper pulmonary vein, traversed aortic arch and connected to the left brachiocephalic vein. Figure 3 shows the intraoperative schema of the anomalous vein. Left upper lobectomy with ligation of the anomalous vein was performed successfully. Postoperative blood gas analysis showed PaO2, 95 mmHg and PaCO2, 43 mmHg at room air. After uneventful recovery, the patient was discharged on postoperative day 11. Postoperative echocardiography revealed marginally elevated EF of 65%, and reduction in pulmonary arterial pressure (33/16 mmHg). He is living well without relapse of lung cancer 60 months after surgery.
Discussion
PAPVC is a relatively uncommon congenital anomaly, with a reported incidence of 0.4%-0.7%. 1, 2) In previous reports focusing on children, PAPVC was commonly associated with atrial septal defects (ASD), and was found on the right side. 3) In contrast, a recent review of 29 cases of PAPVC incidentally found on CT in adults showed that 79% of PAPVC was located in the left upper lobe, and complication of ASD was very rare (3%). 4) In 7 previous case reports of PAPVC associated with lung cancer, 5 cases (63%) had anomalous vein in left upper lobe, and none of these cases had ASD ( Table 1) . [5] [6] [7] [8] [9] [10] [11] These reports indicate that incidental adult PAPVC is most frequently found in the left upper lobe, and infrequently associated with ASD.
PAPVC is distinctly visible on chest CT particularly with contrast-enhancement. It is more easily diagnosed on the left side in comparison to the right. 4) On the left side, typically, a tubular structure is detected beside aortic arch in a location where only mediastinal fat normally exists. On the other hand, PAPVC is difficult to diagnose on echocardiography or chest X-ray. In fact, although the patient in this study had been followed up by cardiologists for atrial fibrillation and mitral regurgitation, his PAPVC had not been diagnosed. In 7 previously reported cases, 5 cases were not diagnosed as having PAPVC before pulmonary resection ( Table 1 ). In all these 5 cases, the authors showed that those PAPVCs could be detected retrospectively on preoperative chest CT.
In the present case, lung cancer was located in the same lobe as PAPVC, and lobectomy was the definitive treatment for both lung cancer and PAPVC. However, if PAPVC was located in a different lobe, major lung resection could increase the volume of shunt flow and cause right-sided heart failure. 5) In such cases, treatment for PAPVC is necessary. In previously reported 7 cases, 2 cases underwent treatment of PAPVC in associated with pulmonary resection ( Table 1 ). In the case reported by Takei, anomalous pulmonary vein of left upper lobe was separated from the left brachiocephalic vein, and approximated with the stump of inferior pulmonary vein after left lower lobectomy. 7) In the case reported by Sakurai, anomalous pulmonary blood flow from right upper and middle lobe was flowed into superior vena cava. The anomalous blood flow had been redirected to left atrium by intra-atrial baffle rerouting under cardiopulmonary bypass, 3 weeks before left pneumonectomy was performed. 9) Surgical indication of PAPVC is a Qp/Qs ratio exceeding 1.5. 3) In present case, preoperative Qp/Qs ratio was 2.0, and pulmonary arterial pressure decreased after lobectomy. Therefore, surgery was considered to be meritorious not only for lung cancer but also for PAPVC although the patient was asymptomatic. PAPVC is a rare congenital anomaly, but thoracic surgeons should pay attention to the presence of PAPVC on chest CT before major lung resections. 
Conclusion
We experienced a patient with PAPVC and primary lung cancer in the same lobe, which was successfully treated by lobectomy. In contrast to pediatric PAPVC, adult PAPVC are commonly associated with the left upper lobe, and are without ASD. Thoracic surgeons should pay attention to the presence of PAPVC before major lung resection because, in most cases, it is easily detectable on chest CT if one is aware of this condition.
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